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Collaborators
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Illinois Institute of Technology
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Materials

‣Reactors Materials Are Old

‣Many Developed In 1940s and 1950s

‣Time For New Materials

‣Cannot Irradiate To 100s of DPA

‣Science Based Understanding Of 
Radiation Damage
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Partnership 
Between IIT and 
Advanced Test 

Reactor

‣Provide Nuclear Community Access To 
Synchrotron Radiation Techniques

‣Radiation Damage
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Advanced test 
Reactor

‣Cutting edge research in 
high temperature and 
radiation environments

‣Improved performance of 
current and future light 
water reactors

‣Basic and applied research 
projects
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Synchrotron 
Techniques

‣Electronic Structure

‣Photoelectron Spectroscopy

‣X-ray Absorption Near Edge Spectroscopy

‣Geometric Structure

‣Extended X-ray Absorption Fine Structure

‣X-ray Scattering
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Advanced Photon 
Source
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X–ray Absorption

‣Geometric Structure

‣EXAFS

‣Interference Between Emitted And Scattered Electron 
Waves

J. Stohr NEXAFS Spectroscopy
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Reduction

‣Defects Remove Neighbors
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ATR NSUF

‣ATR Sample Library

‣TiC, TiN, ZrC, ZrN, SiC, AlC

‣Irradiations

‣0 DPA

‣1 DPA @ 800 °C

‣Project Awarded 6 Shifts Of Beamtime

‣ZrC and ZrN

‣XAFS
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ZrC

‣SEM ➙ Unirradiated Grain Size ~ 24 μm

‣Image Yong Yang UW/ANL
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ZrC
‣Dislocation 
Loops 

‣TEM - Proton 
Irradiated 1.5 
DPA @ 800 °C

‣White Arrows 
Edge-on 
dislocation 
loops on (111) 
planes

‣angle between 
the edge-on 
Dislocations 
on different 
(111) planes is 
~70.5°.

‣Yong Yang UW/
ANL/UF
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XAFS

‣0 DPA

‣Multiple Shells

‣Strong Crystallinity
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XAFS

‣1 DPA

‣Multiple Shells

‣Strong Crystallinity
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ZrC

‣Disorder

‣σ2 Term

‣Size

‣N

ZrC ZrZr ZrZr

0 dpa 0.007 0.004 0.003
1 dpa 0.008 0.004 0.004

ZrC ZrZr ZrZr

0 dpa 5 9 9
1 dpa 5 8 6
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XAFS VS SIZE

‣SMALLER PARTICLES 

‣REDUCE COORDINATION
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ZrC

‣Rough (Really Rough) Estimate 

‣Undefected Regions (10 nm Diameter)
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ZrC Size

‣5 nm Particle

‣2000 Atoms

‣800 Atoms Surface

‣Reduced 
Coordination

‣Use Reduction In 
Coordination To 
Determine Size 
Of Unaffected 
Regions
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ZrC

‣See significant change (30 %) in 
coordination at 5.75 Å
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ZrC

‣ Modeling

‣Spherical Cows

‣Planar Cows

‣Benefit From Theoretical Guidance
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ZrN

‣Not As Far Along

‣Similar Trends
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ZrN XAFS

‣0 DPA

‣Multiple Shells

‣Strong Crystallinity
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ZrN XAFS

‣1 DPA

‣Multiple Shells

‣Strong Crystallinity
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New Equipment

‣5 KN Tensile Stage

‣Luke Warm Cell
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Safety 
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